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summary 
Delft & IBM nanotube FET analysis 

-I#,) at fixed VG 
saturationless ID in Delft & IBM 
no carrier-carrier scattering 
weak localization regime 

8 
Nanotube FET by Delft, IBM 

-ID(VG) or gd(Vo) at fued VD 
transport across metal-semiconductor contact 

Delft (pt): tfiermionic + flat band + 
IBM (Au): tunneling on 

tunneling + on 

-For circuit applications 
saturationless 1, for submicron or less 
maximize g, (thinner oxide) 
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nanotube FET standard MOSFET 

50 

a d 
c 
b. - 

.................................................. , 
1: 

breaModj 

more\‘ ‘:I i 
“ j  i 

- 1 : :  G\? : ; /;: 
i , .. . >  . .  l ~ s  p. .. .:) I 
j /.- , :  0 *. : 
iL.’ . 
c ,.-.. .............. 2 
0 VG - VT “D 

.. ’ .  

: ..- 
i “A, off 

3 \subthw:shoLI I 
Ci 
-: \ 

V,. 
\I 

k’, (V) Drain volwc: VD (V) ........................................................................................................................ 

(a) breakdown (b) V, shift ~ 

G [Delft] S.J. Taris. A.K.M. Vemchueren, and C. k k k r .  Name 393.49 (‘98) 
[ IRM]  R. Mmel. T. Schmdt, H.R. Shea. T. Flrrtel. 4 Ph. Avouris. 

Appl. Phys. Lett. 73.2447 (‘98) 

S D 



lded inverter 

Fzcellent ID saturation 

4p.44 

i ................................... 
! 

I ............ .L+ .......................... i 
> ..................... :>& ................ 4 f- 

..... ..... .... . . . .  . . . . . . . . . .  ......... 
&h RIIX:Vp-V ?;.I 

. .  

5v 4 v  O V  
I I 

+$..?V &v ..... * . l V  1 : .  T.0 f.. .O . .  
........... ...... ..... .... . . . . . . . . . .  . . .  . . .  ._ - : ._ . , 

-f .f,; 
./\",*$j .... - i /\/\\/L+\ I"\ ,*,/. 

o v  1 v  2 v '  " 5v 

........................................... 

- .+.: ................ . .  .......... .................. ..... .- 
(d) rL 

.... ..... ..."-? - .  . 
1 9  

4 v  

(Coulomb force from other caniers) . ys% 1 ,depedent of vD I 
carrier density - f=ld - ID constant 
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self-consistently determined \%% B 
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ID determining part 

if we C M  write. 
....... 
j 1, -G[\'(x)] dV(x)/dX j . ........, 

I .  locd field d\'(x)/dx - long channel 
2.  depending only on V(x) - thin endual channcl 

thcn I D  sattiratcs. 

Otknvisc.  it does NOT 
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ID determining region free fall region 
A . .  

........... : V(pinch-off) 

carrier camer 
scattering 

(Coulomb repulsion) adjust to absorb 
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f I_ NO saturation __  without --. carrier-ca~~ier] , 
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Without der-carrier. 
no pinch-off, no saturation in ID(VD) 
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transmission picture Ohm's law 
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1. saturationless I#,) fixing VG of Delft 
absence of cmier-carrier scattering 
a lot of elastic scattering, low gd 

2. breakdown in ID(VD) fixing V, of Delft 
usual pair creation 

3. kink in subthreshold ~ ( V G )  Of Delft (Pt S & D) 
4. smooth subthreshold &(VG) of IBM (Au S & D) 

Schottky barrier effects 

quasi- 1D nanotube characteristics 

usual Qint effects 

5. satumted "on" ID(VG) furing VD of IBM 

6. large VG shift in ~ ( V G )  of Delft, IBM 
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Electronic properties of carbon nanotube 

first Briouin zone 
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If N -3.6.0. ... ,then 

thc K-point is crossed. 
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